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Abstract 
This thesis presents the design, development and testing of a new film cooling hole 
geometry, the converging slot-hole or console. Both the thermal and aerodynamic 
performance were measured, using the adiabatic effectiveness and heat transfer 
coefficient, and aerodynamic loss respectively, to quantify performance. Comparative 
measurements were made, by testing conventional film cooling hole shapes in parallel 
with the console experiments. The CFD code, Fluent, was used to predict he performance 
of the initial design concept before it was manufactured. 
 
Initial performance measurements in incompressible flow were performed in a low speed 
wind tunnel at an engine representative Reynolds number based on mainstream flow and 
hole diameter. For these experiments, the coolant to mainstream density ratio was 
approximately unity, and the cooling performance was measured over a flat plate. The 
console was tested in parallel with cylindrical holes, a slot and fan-shape holes, all of 
which had equal throat area per unit width. The heat transfer performance was measured at 
steady state using thermochromic liquid crystals sprayed onto a flat plate heater. The 
aerodynamic performance of the holes was measured by traversing the boundary layer 50 
cylindrical hole diameters downstream of the injection location with a pitot probe. 
 
Engine representative measurements of the console p rformance were made in a transonic 
annular cascade that simulates the three-dimensional flow in the gas turbine. The 
Reynolds and Mach numbers were representative of engine conditions, and the coolant 
flow was made aerodynamically and thermodynamically similar to engine conditions by 
matching both the momentum flux and density ratios. This was achieved by using a heavy 
foreign gas with the composition of 30.2% SF6 and 69.8% Ar by weight, which simulates 
the coolant to mainstream density ratio of 1.78, and has a ratio of specific heats of 1.4. The 
performance of a nozzle guide vane with rows of fan-shaped holes was compared with an 
NGV with a film cooling configuration designed with rows of consolesreplacing rows of 
fan-shaped holes. The heat transfer performance was measured using a modified step 
change transient liquid crystal technique. The aerodynamic performance was measured
using a four hole probe traverse downstream of the NGV. 
 
The heat transfer performance of the c nsol was found to be similar to or slightly lower 
than the performance of fan-shaped holes. The most significant benefit of the console was 
found to be the aerodynamic performance, with a loss due to film cooling of only 20% of 
the loss due to film cooling of the rows of fan-shaped holes measured at engine 
representative conditions. 
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s Slot height (m) 
S Entropy (JK-1) 
Sc Schmidt number 
j
Sc
g
m
=  
sm  Console solidity ratio, sm = ( )wd-121  
St Stanton number 
cu
h
St
r
=  
t Time (s) 
t Plate thickness (m) 
T Temperature (K) 
u, v Velocity (ms-1) 
V  Velocity ratio 
m
c
v
v
V =  
w Width (m) 
x, y, z Cartesian coordinates 
Y Stagnation pressure loss coefficient 
 xvi 
Greek Letters 
a Molecular thermal diffusivity, 
c
k
r
a = , (m2s-1) 
a Pitch angle (°) (cascade) 
b Volumetric coefficient of thermal expansion (K-1) 
b Swirl angle (°) (cascade) 
d Boundary layer thickness (m) 
e Aerodynamic efficiency 
erad Surface emissivity for radiation (Wm-2K4) 
eM Eddy diffusivity for momentum transfer (m2s-1) 
f Inclination angle (°) 
g Ratio of specific heats, 
v
p
c
c
=g  
gj Mass diffusion coefficient for substance j in a mixture (kgm-1s-1) 
h Adiabatic effectiveness, 
mc
raw
TT
TT
00 -
-
=h  
l Overshoot factor  
m Dynamic viscosity coefficient, (Nsm-2) 
n Kinematic viscosity, 
r
m
 (m2s-1) 
q Dimensionless temperature 
mw
rc
TT
TT
0
0
-
-
=q  
q Circumferential angle (°) (cascade) 
r Density (kgm-3) 
s Stefan-Boltzmann constant (Wm-2K-4) 
x Unheated starting length (m) 
ymass, ymole Mass fraction, mole fraction 
z Loss coefficient 
Subscripts 
0 total or stagnation value (pressure, temperature, density) 
1 upstream condition 
2 downstream condition  
 xvii 
a air flow  
A  measurement plane 
aw adiabatic wall 
c coolant 
d diameter 
dat datum 
e engine conditions 
ex experimental conditions 
f fuel flow 
hyp hypothetical 
i initial 
m mainstream 
nfc no film cooling 
p constant pressure 
r recovery 
s ideal or reversible 
t turbulent 
v constant volume 
w wall 
x variation with x 
Abbreviations 
CFD Computational Fluid Dynamics 
CHTT Cold Heat Transfer Tunnel 
NGV Nozzle Guide Vane 
SFC Specific Fuel Consumption 
ST Specific Thrust 
TBC Thermal Barrier Coating 
TC Thermocouple 
TET Turbine Entry Temperature 
TLC Thermochromic Liquid Crystal 
